Experimental details
1 All other reagents and solvents were used as commercially supplied, without further purification.
Elemental microanalyses were performed by the University of Leeds School of Chemistry microanalytical service. IR spectra were run using a Nicolet Paragon 1000 spectrometer, using nujol mull samples held between NaCl windows. Electrospray mass spectra were obtained on a Waters ZQ4000 spectrometer, from MeCN feed solutions. TGA measurements employed a TA Instruments TGA 2050 analyser. Magnetic susceptibility measurements were performed on a Quantum Design SQUID magnetometer, in an applied field of 5000 G. A temperature ramp of 2 K min -1 was used for these measurements, unless otherwise stated. A diamagnetic correction for the sample was estimated from Pascal's constants; 2 a diamagnetic correction for the sample holder was also applied. Powder Xray diffraction analyses were performed with a Bruker D8 Advance A25 diffractometer using Cu-Kα radiation (λ = 1.5418 Å). Measurements under vacuum required the samples to be embedded in a nujol mull, leading to weaker diffraction. Single crystal X-ray structure determinations Slow diffusion of diethyl ether into a methanol solution of 2 at room temperature affords either 2·2CH 3 OH (brown prisms), 2 A (yellow plates) or a mixture of both, while yellow crystals of 2·xCH 3 NO 2 ·⅓(C 2 H 5 ) 2 O were similarly grown from a solution of the complex in nitromethane. Experimental data from these structure determinations are given in Table S1 . Details of our crystallographic investigations of 2·2H 2 O are given separately below.
Synthesis of [FeL
All diffraction data were measured using a Bruker X8 Apex II diffractometer, with graphitemonochromated Mo-K radiation ( = 0.71073 Å) generated by a rotating anode. The diffractometer was fitted with an Oxford Cryostream nitrogen low temperature device. The structures were solved by direct methods using SHELXS97, 3 were refined, which shared a common half-occupied Cl atom Cl(12). These were subject to the fixed restraint Cl-O = 1.45(2) Å. No angular restraints were applied to these fragments, and the resultant partial anions deviate significantly from an ideal tetrahedral geometry. The anion disorder means that, on average, each cation forms only two of the four possible N-H...O hydrogen bonds (see Figure S2 below). All wholly occupied non-H atoms were refined anisotropically, and all H atoms were placed in calculated positions and refined using a riding model.
No disorder was detected during refinement of 2·2CH 3 OH. All non-H atoms were refined anisotropically, while C-and N-bound H atoms were placed in calculated positions and refined using a riding model. The methanolic hydroxy H atoms were located in the Fourier map and allowed to refine with the restraints O-H = 0.90(2) and C...H = 1.90(2) Å, and with displacement parameters of 1.2x those of the attached O atom. The highest residual Fourier peak of +1.9 e.Å -3 is 0.9 Å from Fe(1).
The asymmetric unit of 2·xCH 3 NO 2 ·⅓(C 2 H 5 ) 2 O contains three complex cations, six perchlorate anions (two of which are disordered), three nitromethane molecules (one of which is half-occupied) and one molecule of diethyl ether. The disordered anions were modelled over two orientations, with refined occupancy ratios of 0.64:0.36 and 0.56:0.44. These were refined using the restraints Cl-O = 1.39 (2) and O...O = 2.27(2) Å. All wholly occupied non-H atoms, plus the part-occupied Cl sites, were refined anisotropically, while H atoms were placed in calculated positions and refined using a riding model. There are six residual Fourier peaks of >1.5 e.Å -3 which all lie within the same disordered anion. Single crystal X-ray structure investigations of 2·2H 2 O Crystals of 2·2H 2 O were obtained by allowing pre-formed crystals of 2 A to stand in air at room temperature for 7 days. The same crystal of 2·2H 2 O was examined at three different temperatures (Table S6) . Notably, despite the ambiguities described below about the space group of this compound at different temperatures, these crystallographic refinements are of some value. They confirm that the disposition and connectivity of the molecules in 2·2H 2 O is identical to that found in 1·2H 2 O.
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1 They are also consistent with the magnetic susceptibility data in showing that 2·2H 2 O has an approximate 1:1 high:low-spin population at 200 K, and is fully low-spin at 105 K (Table S7) .
At 300 K the crystal gave the following unit cell: tetragonal I, a = 13.9733(16), c = 36.517(4) Å and V = 7130.0(14) Å 3 . That is consistent with the X-ray powder diffraction data from this material, implying it is isostructural with 1·2H 2 O at room temperature (Fig. S10) .
1 Attempts to refine the data starting from the structure of 1·2H 2 O were only partly successful, however, affording high residuals and substantial disorder in the unique anion site (Table S6) . Notably, crystals of 1·2H 2 O obtained by hydration of crystalline 1 A behave similarly, after becoming twinned during the hydration process.
1
At 200 K, good refinements were obtained in three space groups: I4 1 /a, and as a racemic twin in I4 1 and P4 1 . While the systematic absences favoured a tetragonal P space group, the three refinements are similar in quality and there are indications that the model in P4 1 may be in too low symmetry (see below). Moreover, none of the three refinements provided a simulated powder pattern that match the experimental powder diffraction data from the bulk material (Fig. S11) . Hence, their validity is uncertain. Attempts to solve the data in the other tetragonal space groups allowed by this descent in symmetry (P4 2 and P4 2 /n), and in related monoclinic C and triclinic groups, were all unsuccessful. -ions and two water molecules lying on general crystallogaphic positions. Both perchlorate ions are disordered, and were refined using the refined restraints Cl-O = 1.46(2) and O...O = 2.38(2) Å. All non-H atoms except the disordered, partial O atoms were refined anisotropically, and C-and Nbound H atoms were placed in calculated positions and refined using a riding model. The H atoms attached to water molecule O(53) were located in the difference map, and allowed to refine freely with a U iso parameter fixed at 1.2x that of O(53). The H atoms bound to O(54) were not located, and were omitted from the final least squares cycles. An ADSYMM analysis in PLATON 6 of the final refinement suggested transformation into I4 1 /a, as above.
In P4 1 , the asymmetric unit contains two formula units of the compound, with each residue lying on a general crystallographic site. Two of the four ClO 4 -ions were disordered in this model, and were refined over two equally occupied sites sharing a common Cl atom with the refined restraints Cl-O = 1.46(2) and O…O = 2.37(2) Å. All fully occupied non-H atoms were refined anisotropically, and C-and N-bound H atoms were placed in calculated positions and refined using a riding model. Only some of the water H atoms were apparent in the Fourier map, and these did not refine well. So, the water H atoms were not included in the final least squares cycles. Significant correlations between heavy atom parameters in the refinement imply some missing symmetry in the model. Consistent with that, an ADSYMM analysis also suggested some missed (pseudo)symmetry elements. 6 The transformed output model generated by ADSYMM in P4 was unrealistic, however.
The data at 105 K were solved in P2 1 , then transformed to P4 1 using ADSYMM. 6 The crystal was again refined as a racemic twin, and is in a different setting from the P4 1 refinement at 200 K but is otherwise isostructural with it. No disorder was detected during this refinement. All non-H atoms were refined anisotropically, while C-and N-bound H atoms were placed in calculated positions and refined using a riding model. Water H atoms were located in the Fourier map and refined subject to the fixed restraints O-H = 0.90(2) and H...H = 1.47(2) Å, and with thermal parameters equal to 1.2xUeq for the corresponding O atom.
In contrast to the 200 K refinement in this space group, there were no significant correlations between heavy atoms in this refinement that would indicate missing symmetry. However, the lack of powder diffraction data below 130 K means we cannot confirm that this model truly matches the structure of the low-spin material.
Electronic.cif files from these refinements of 2·2H 2 O are provided in the Supplementary Information associated with this paper, but they have not been deposited with the CCDC. 
Fig. S6
View of the asymmetric unit in 2·2H 2 O in P4 1 at 105 K. Displacement ellipsoids are at the 50% probability level, and all C-bound H atoms have been omitted for clarity. Colour code: C, white; H, pale grey; Cl, yellow; Fe, green; N, blue; O, red. Although the single crystal structure of 2·2H 2 O at 300 K could not be refined, the agreement between this powder pattern and the I4 1 /a model is excellent [allowing for the difference in temperature, and an offset error in the data]. This confirms that 2·2H 2 O is isostructural with 1·2H 2 O at room temperature. Despite some similarities, none of these structure solutions reproduces the data, particularly at low angle. E and 2 C are noisier because they were obtained from nujol mull samples.
